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Application of TinAlependent Raman Theory

to the Analysis of Inorganic Photosyslmns *

David E. Korris and Ullliam H.Woodruff

Los Alamos National Laboratory

University of California

Los Alamos, New Wxico USA 87545

1 Introduction—
Recent developnmts by HELLER and coworkers [1] in the tire-dependent theory of

Raman scattering are ofenonnous potential value in determining structural and vitl-

rational paramters in e~cited electronic states. Ground-state Raman intensities of

fundamentals, overtones and combinations under resonance or near-resonance condit-

ions can be used to determine normal coordinate displacements, force-constant cha-

nges and Duschinsky rotation in the excited state. This approach to excited-state

characterization is particularly attractive because it does not require the direct

observation of excited-state vibrational frecruencles by TRVS or resolved vibronic

spectroscopes. Thus, it is not hampered by short excited-state lifetimes and/or

stringent experimental conditions. }urthernmre, for systems where TRVS or vibronic

data are available, Hcller’s thcopy aifords an additional test of the accuracy of

calculatt’d excited-state parwwters.

Continuing interest in elucidating the structure in the reactive excited state(s)

of inorgdnic photosystem!i hds prompted a re-examination of Heller’s theory [2]. The

aim has hccn to extoncl existing mathcnmtical trttatuwnts to the m-c general (and



2

2 Theory, Results and Discussion

The time-dependent expression for the polarizahility Is [1]

af,i(W1) =
J
~exp [ f(w1 +Ei)t- rt 1 <Yf I ~i(t) >dt +NRT. (1)

The central problem thus lies in calculating the tire-dependent overlap between the

final scattering state, Vf, and the wave packet, ~i(t), propagating on the excited-

state potential energy surface. Assuming harmonic ground- and excited-state surfaces

and a gaussian form for vi(t), this problem can be treated classically for short

propagation tires. This leads to exp~ssions for the polarizabilities which an co-

mplex polynomials in time containing the desired excited-state structural parameters

(vide infra). All terms in these ploynomials are co~lex so that modulus squaring

‘f af, i to obtain the scattering intensity does not result in any cancellations of

cross-terms. These cross-terms are the on~s not explicitly developed previously [1]

hut which can significantly influence the total intensity of overtones and combin-

ations.

The complete expressions for the fundamental (2) and first overtone (3) in mode

k are:

la, ,J2 ‘ ( 2h@k )-’ ( Vk2 / ~4 ) ~,(~)

Iq J2 = ( 8WO; )-’ [ ( Vk4 / 06 ) ~2(t3) + (( Uo: - Vkk )2 / 04 ) ~,(,fl)
.

+ ( Vk2 ( WO; - V~k ) /~5 ) +,1(6) ]

(2)

(3)

where Vk is the first derivative with respect to qk of the cxcitcd-state surface in

the Franck-Condon region and Vkk” is the second derivative corresprmding tc the ex-.
cited-state force constant. Thus w0:“ ‘kk

is the change in force constant between

$;round and excitcwl stat~s. Tbo c(fl) arr integral expressions describing the evolu-



3

2.0.

.

I
N l.o - ~-. ‘2

/ ‘\
: /

N“
“c, 1

s ‘%22
0.0- “ -..” --- L-:

;

.
‘\ ~
.1.

\\
.“

~ -.... -

‘;,1

Y -. -* ..

-1.0. m

-4 -2 0 2 4
BETA

Ffgure 1. Tim-dependent integral expressions In the generalized Iiellertheory

based solelyon fundanmtal intensities will ue in error when any appreciable change

in force constant occurs.

To illustrate these points, calculations have been made for a number ofquadruply

bonded mtal dirners. The char~cteristic features In these systems are a low?st-lying

mtal-localized d-6* electronic transition which reduces the bond order to three In

the excited sta@ and a ground-state vibrational nmde co~rised almost entlrelyof

n~tal-mtal stretching which is strongly nsonanre enhanced In the 6-6* region. The

results are summarized in Table 1. In all cases the vlbratlcmal frequency decredses

and the bond length Increases (3-8X elongation) in the excited state, troth expected

msult.s for systems with a decreased excited-state bond order. me result for I’bz

(~2CC~3)4 Wnrrant further considf?ratlon because the excited-state displaceam+ has

been dcta!mlined previously by alternate mans. 14nst notably, o si~liflcd tkller the-

ory unalysls in which the change in forcr constant was neglected yiel~d A=O.~5S [7].

Ihpllcii. inclu%lun of this titrm (T~ll)lo 1) rosuits In a 502 increase in the value of

t.tl(! displdcmn!nt, cleiIt’lyillustrating thr i~ortance of considering all factors when

calculatlnq cxc~tod-st~to ~mranwtcrs. A l-rank-Condonanalysis of the v!bronlc spect-

ruu [3] yiIvcA’.O.1Afor the ~lcctatcdinwr suggesting that SCMW discrepancies htueen

tlnw-dupundcnL theory and tC andlyses exist and rwnaln to be rnsolved.m.. -.,, .- —

r’4)2clt:- 34fi 3J61)
,.

U.l!I



9

“ “ 3 Conclusions

The more general formulation of Heller’s

elsewhere [z] should make it possible to

theory outlined here and in nmre detail

characterize the excited states of nal and

chemically interesting systems with a high degree of -liability provided care is

exercised in considering the influence of all factors in determining the scattering

dynamics. The ~liance of this mthod on ground-state Raman Intensities makes it

particularly convenient and a valuable complenmt to the nx)redirect but often ex-

perimentally prohibitive methods such as TRVS. While further testing of the predic-

tions of this formalism is required, preliminary results as presented here are en-

couraging.
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